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Summary 26
In cycling human endometrium, menstruation is followed by rapid estrogen-dependent growth. 27
Upon ovulation, progesterone and rising cellular cAMP levels activate the transcription factor 28 decidualizing EnSCs first mount a transient pro-inflammatory response, characterized by a 67 burst of free radical production and secretion of various chemokines and other inflammatory 68
Temporal regulation of senescent cell populations in cycling endometrium 144
To extrapolate these observations to the in vivo situation, protein lysates from whole 145 endometrial biopsies were subjected to Western blot analysis. As the cycle progresses from the 146 proliferative to the secretory phase, the abundance of p53, p16, LMNB1, HMBG2, mH2A and 147
H3K9me3 in the endometrium mimicked the changes observed in decidualizing EnSC cultures 148 (Figure 2A) . Further, analysis of snap-frozen biopsies showed a sharp increase in SAG 149 activity upon transition from proliferative to early-secretory endometrium with levels peaking 150 in the late-luteal phase ( Figure 2B ). Disintegration of the stromal compartment upon 151 cryosectioning of frozen tissue samples precluded a meaningful analysis of SAG + cells. 152
Instead, we used immunohistochemistry to examine the abundance and tissue distribution of 153
p16
+ cells in 308 formalin-fixed endometrial biopsies obtained during the peri-implantation 154 window, i.e. 6 to 12 days after the luteinizing hormone (LH) surge ( Figure 2C ). The statistical 155 distribution of p16 + cells in the glandular epithelium, luminal epithelium and stromal 156 compartment is presented as a centile graph ( Figure 2D ). Interesting, p16 + cells were most 157 prevalent in both the glandular and luminal epithelium at LH+10 and +11, which coincides 158 with the onset of the late-luteal phase of the cycle. The relative abundance of p16 + cells was 159 ~10-fold higher in the luminal compared to the glandular compartment. Typically, stretches of 160 p16 + cells were interspersed by p16 -cells in the luminal epithelium ( Figure 2C ). By contrast, 161
+ cells gradually increased in the stromal compartment during the mid-luteal phase and this 162 was accelerated in late-luteal endometrium. Occasionally, swirls of p16 + cells were observed 163 in the stroma, seemingly connecting the deeper regions of the endometrium to p16 + luminal 164 epithelial cells ( Figure 2C ). Collectively, the data indicate that the endometrium harbors 165 dynamic and probably spatially organized populations of senescent cells during the luteal phase 166 of the cycle. 167
168

FOXO1 drives EnSC differentiation and senescence 169
To gain insight into the mechanism that drives decidual senescence, SAG activity was 170 measured in cultured EnSCs treated for 8 days with either 8-bromo-cAMP, MPA or a 171 combination. Both 8-bromo-cAMP and MPA were required for significant induction of SAG 172 activity (P < 0.05) ( Figure 3A) . In differentiating EnSCs, cAMP and progesterone signaling 173 converge on FOXO1, a core decidual transcription factor responsible for cell cycle arrest and 174 induction of decidual marker genes, such as PRL and IGFBP1 (Takano et al., 2007) . 
Tissue homeostasis 287
Our findings indicate that endometrial homeostasis during the luteal phase is dependent on 288 balancing induction and clearance of senescent decidual cells. We speculated that this process 289 is a priori dynamic, which should be reflected in varying numbers of uNK cells in different 290
cycles. As proof of concept, we quantified uNK cells in biopsies from 3 patients obtained 291
around the same time in the mid-luteal phase (± 1 day) in 3 different cycles. As shown in Figure  292 6A, the abundance of uNK cells in the subluminal endometrial stroma can vary profoundly 293 13 between cycles. As levels both rose and fell, the observed inter-cycle changes in uNK cell 294 density are unlikely triggered by the tissue injury caused by the biopsy, although an impact on 295 the magnitude of change cannot be excluded. Additional examples of uNK cell fluctuations in 296 two consecutive cycles are presented in Figure S5A . 297
Cyclic surveillance and elimination of senescent cells should protect the endometrium 298 against chronological ageing. To substantiate this hypothesis, we performed RNA-sequencing 299 on LH-timed endometrium biopsies obtained from 10 women aged ≤ 30 years and 10 women 300 aged ≥ 40 years (Gene Expression Omnibus accession no. GSE102131). The samples were 301 matched for body mass index, parity and day of biopsy but were separated by approximately 302 ~170 menstrual cycles (Table S1 ). A total of 84 genes were identified as differentially 303 expressed between the two groups ( Figure S5B ). However, 7 biopsies in the older age group 304 expressed a receptive phenotype compared to 4 samples from younger women ( Figure 6B ). 305
Thus, differential gene expression was accounted for by the state of receptivity of individual 306 biopsies but not age. Taken together, the data suggest that cyclic endometrial senescence and 307 rejuvenation may lead to short-term fluctuations in endometrial homeostasis during the 308 window of implantation but long-term functional stability. 
Statistical analysis 458
GraphPad Prism v6 (GraphPad Software Inc.) was used for statistical analyses. Data were 459 checked for normal distribution using Kolmogorov-Smirnov test. Unpaired or paired t-test was 460 performed as appropriate to determine statistical significance between two groups. For larger 461 data sets, significance was determined using one-way ANOVA and Tukey's post-hoc test for 462 multiple comparisons. P < 0.05 was considered significant. Marcais, A., Cherfils-Vicini, J., Viant, C., Degouve, S., Viel, S., Fenis, A., Rabilloud, J., Mayol, K., Tavares, A., Sadaie, M., Salama, R., Carroll, T., Tomimatsu, K., Chandra, T., Young, A.R., Narita, M., Perez-Mancera, P.A., 
